Approximately 7000 marine zooplanktonic species have been described so far for the World Ocean; in the South Atlantic the presence of 40% of these has been confirmed, and an additional 20-30% are expected to be recorded in the future. The overall number of described species is very low when compared with other communities, and yet it may not be too far from the final, complete inventory. Very ample geographic distributional ranges, compositional similarity between the major oceanic basins, and declining species description rates suggest that the undescribed fraction of marine zooplankton is nowhere as large as those suggested for the biosphere as a whole. It is anticipated that the highest proportions of new species will be among the groups associated with the sea-floor (meroplanktonic and benthopelagic forms). However, the fact that a high proportion of the marine zooplanktonic species has already been described does not imply that the corresponding taxonomic systems are adequate and that our understanding of this community is better than that of others where undiscovered species are still the overwhelming majority. For most marine zooplanktonic species we have extremely scarce biological and ecological information. Furthermore, the taxonomy of several quite speciose groups is in such a state of disarray that synonyms by far outnumber "good species". © 2002 Ifremer/CNRS/IRD/Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
Introduction
Although in its broad sense the concept of biodiversity goes far beyond the inventory of the species present in a given space and time envelope, assessment of the numbers of species is clearly a key component of most biodiversity -oriented surveys; accordingly, much of the recent literature on this issue focuses on the fact that a very large proportion of the plants and animals that inhabit our planet have not yet been described. While true for much of the terrestrial and freshwater flora and fauna, these generalizations do not seem to apply to the marine zooplankton. In this review we will attempt to show that marine zooplanktonic species are comparatively very few in number, and that a very large proportion of them has already been discovered, largely because their geographic ranges are very wide. This, however, does not preclude the fact that for several zooplanktonic groups classification systems are in a very serious state of disarray, and that distributional and ecologic data are very scarce for almost all planktonic organisms. Thus, our understanding of the biodiversity (in the broad sense) of the marine pelagial is not better than that of terrestrial or freshwater communities, but approaches toward improving this knowledge differ from those necessary for other plant and animal groups.
Overall diversity of marine zooplankton and biogeographic zonations
The overall total of marine zooplanktonic (chiefly holoplanktonic) species described to date is approximately 7000 see Table 1 ). When compared with other communities, the number of marine planktonic species (including the phytoplankton, which according to Sournia et al., 1991 , comprises ca. 4000 described species) is clearly at the bottom of the spectrum. Non-planktonic marine organisms have between 180 000 and 200 000 species (Zenkevitch, 1960; Briggs, 1996) . Marine species in general, in turn, represent less than 15% of the known overall species diversity on earth, where some 1 500 000 terrestrial and freshwater species have been described so far (Briggs, 1996; Wilson, 1999) .
This comparatively poor diversity is chiefly the result of the fact that distributional barriers for marine plankters are very few and very diffuse, which in turn results in comparatively few biogeographic divisions (Bé and Tolderlund, 1971; McGowan, 1974; Pierrot-Bults and Spoel, 1979; Hemleben et al., 1989; McGowan and Walker, 1993; Angel, 1996) . For example, in the entire (epipelagic) Pacific Ocean, an area spanning over 180 million square kilometers, only eight distinct planktonic provinces are recognized; furthermore, six of these are made up to a considerable degree of species with amphitropical distributions (McGowan, 1974) . Admittedly, zonations with more areas have also been proposed, but these are either not based on species ranges (e.g., Longhurst, 1998) , or rely on subjective interpretations of the distribution of limited subsets of organisms (e.g., Beklemishev, 1969) . Most comprehensive worldwide zooplanktonic biogeographic zonations recognize five (or four paired plus one) major non-coastal circumglobal zones: Polar (Arctic and Antarctic), Subpolar (Subarctic and Subantarctic), Transitional and Subtropical (Northern and Southern), and Equatorial or Tropical (e.g., Bé and Tolderlund, 1971; Backus, 1986; Hemleben et al., 1989; Boltovskoy, 1998) . In contrast, land-based major biogeographic divisions usually include over 20-30 firstorder provinces (e.g., Bailey, 1996) . Moreover, terrestrial and marine coastal biogeographic zonations are almost invariably based on taxonomic categories higher than those used for pelagic zonations, which further enhances the taxonomic homogeneity of marine zooplanktonic assemblages worldwide (Ekman, 1953; Pierrot-Bults and Spoel, 1979) .
South Atlantic inventories vs. World Ocean totals
An estimate of the number of zooplanktonic species described worldwide that have also been recorded in the South Atlantic, along with a subjective assessment of the degree of coverage of each group in this basin, is given in Table 1 . These figures indicate that for the taxa whose coverage in the South Atlantic is considered very good or good, the mean fraction of worldwide known species that have also been found in these waters is 70%. For those labeled "regular" the fraction is 57%, whereas for the poorly or very poorly covered in the South Atlantic it is 35%. As expected, these numbers confirm that similarities between the worldwide and the regional inventory are strongly influenced by degree of coverage and sampling effort. In addition, these estimates seem to be also affected by the overall number of species comprising each group, lower percentages being generally associated with higher diversities (Table 1) .
Based on the above considerations, we anticipate that for many holozooplanktonic groups percentages of the worldwide inventories present in the South Atlantic will eventually get closer to the figures presently exhibited by foraminifers and appendicularians (i.e., 70-80%). This conclusion is supported by the remarkable cosmopolitanism of marine plankton in general, which contrasts strikingly with similar estimates for benthic animals. About 85% of the deep-sea World-Ocean fauna occur in one ocean only, while only 4% are common to all three oceans (Briggs, 1996) . In contrast, for pelagic plankton circumglobal distribution patterns are more common than endemisms. For example, according to Spoel and Dadon (1999) , of the 91 species and subspecific categories of Pteropoda present in the Atlantic, only 26% are restricted to this ocean. Over 90% of the planktonic foraminifers inhabit all three major oceans (Boltovskoy, 1981) . Approximately 70% of the ca.
200 species of planktonic Amphipoda occurring in the Atlantic are also present in the other major oceans (Vinogradov, 1999 ). Of the 35 described species of Heteropoda only three (8%) are restricted to a single oceanic basin, nine (26%) have been recorded in two, and 23 (66%) are present in all three major oceans (Richter and Seapy, 1999) .
Exceptions to this pattern are centered on taxa with high percentages of neritic forms and/or benthopelagic representatives, both of which tend to have more restricted geographic ranges. For example, the fact that of the >900 known mysid species only 96 (10%) have been found in the South Atlantic is largely due to the fact that these animals are closely associated with the sea floor (Murano, 1999 and pers. comm .) The benthic sessile stage of the Hydromedusae is responsible for their comparatively high endemism: South Atlantic materials have yielded less than 30% of the World Ocean fauna (Bouillon, 1999) . Nevertheless, in terms of numbers of species, taxa rich in neritic and/or benthopelagic forms roughly comprise less than 25% of the total.
Historical trends in species description rates
The total number of described species is around 1.5 million, comprising some 1 million animals and ca. 500 000 plants. However, most estimates agree that these numbers are but a fraction of actual biological diversity on Earth, where anywhere between 12 and 30 million species dwell (Briggs, 1996; Wilson, 1999) . According to the Zoological Record, between 1978 and 2000 ca. 360 000 new animal species and subspecies have been proposed (including 22 new phyla), and the current rate is about 17 000 new animal names per year. Thus, roughly 25% of all known animals have been described in the last 20 years, and approximately 1% is added yearly to the existing list of animal species.
However, this increment is obviously not distributed homogeneously over the entire animal spectrum. Inventories of the most conspicuous animals have increased little in the last decades, with many of the small-sized, "less appealing", and particularly the species-rich groups taking up most of the difference. A very general idea of the state of the various inventories can be gained from an overview of the historical trends in the rates of description of new species through time: it seems reasonable to assume that groups for which species description rates have declined steadily in the last decades are closer to the global total than those where description rates have increased toward the present or not subsided noticeably. Fig. 1 shows that half of the known species of the vertebrate animals (included in the graph) were described before 1835, but for the invertebrates a similar percentage was reached only after 1852. Close to 30% of the living species of marine mammals were described before 1800, and by 1925 95% of the representatives presently known were published (Northridge, 1984) . For the order Primates, also around 95% of the living species were described before 1950 (Groves, 1993) . On the other hand, for the invertebrate groups shown 50% of the species known in 2000 were described between 1852 and as late as 1960 (Fig. 1 ). These differences are coherent with our current perception of the degree of completeness of the corresponding species lists: proportions of undescribed taxa are much higher among the invertebrates than among the primates or the marine mammals. Although marine zooplankton are neither conspicuous nor particularly "appealing", for most of them the highest rates in the description of new species occurred before and around the turn of the century, and have been dwindling down thereafter (Fig. 2) . Data for the South Atlantic indicate that, on average, 78% of the species currently known to occur in these waters were described before 1925 (Boltovskoy, 1999a) .
From the above discussions three important points emerge: (1) marine zooplanktonic species are comparatively few, (2) their description rates have been declining in the last decades, and (3) large proportions of them inhabit the three major oceans. In other words, as opposed to many other communities where, for example, a single tree may host hundreds of exclusive species of beetles (Wilson, 1999) , marine zooplankton species are few and are present everywhere. These circumstances seem to indicate that our specific inventories of marine zooplankton are much closer to completion than those of most other communities (but see below).
Even considering that the efforts dedicated to faunisticdistributional studies have been declining steadily in the last decades (according to data compiled by the Aquatic Sciences and Fisheries Abstracts service, articles on the geographic distribution of marine organisms dropped from 3.9% of all publications included for 1985, to 0.8% in 1993; cf. Boltovskoy, 1998 ; see also Gaston and May, 1992) , we anticipate that more marine zooplanktonic species have already been described than are awaiting discovery. This is particularly valid for the predominantly pelagic, open-ocean groups, whereas for those with many neritic and/or planktobenthic forms the numbers of undescribed species are most probably larger (Angel, 1996) .
Blanks, gaps and future work
In the preceding sections we attempted to show that specific inventories of marine zooplankton stand in a category of their own and cannot be compared with those of most other plants and animals. This situation stems from the peculiar constraints that govern evolution and speciation in marine zooplankton (e.g., Angel, 1996) , suggesting that approaches toward the investigation of the biodiversity of these organisms may differ from those necessary for other plant and animal groups.
The first conclusion that emerges from these results is that, in the case of marine zooplankton, the search and description of new species is a costly investment with low potential yield because a large proportion of the existing species have already been named and described. While this seems true as far as traditional taxonomic methods are concerned, it may not apply to alternative approaches. For example, in the last decades molecular and ultrastructural studies have yielded very interesting results in the interpretation of long-standing evolutionary, taxonomic and distributional problems (e.g., Wood and Leatham, 1992; Bucklin, 1998; Amaral Zettler et al., 1998 Darling et al., 2000) . This is a rather new field, and the contributions of molecular techniques to the taxonomy of marine plankton will most probably grow in the near future. However, we anticipate that new results will be of particular significance in reshaping current knowledge of phyletic relationships and species limits, but their impact on the size of the existing inventories will be limited. In other words, although the number of names erected is probably not too different from the number of existing species, proportions of names encompassing more than a single species, as well as groups of species (or cryptic species) under a single name, are still significant. While it is true that in many groups, particularly the lower ones, sibling species and species groups exist because they have few outward traits by which to separate them, it is our feeling that in many taxa synonyms by far outnumber the undescribed species (see below).
An indirect measure of the state of the taxonomy of the different zooplanktonic groups can be gained from the information conveyed by the corresponding binary names.
Some taxa, especially those with relatively few species, have reasonably stable taxonomic systems and binary names alone convey enough meaning to ensure a common standard throughout the world. Among these are the planktonic foraminifers, euphausiids, cladocerans, most pelagic tunicates, and a few others. With few exceptions species in these groups are reasonably well delimited and are known under the same name worldwide.
Several groups (e.g., copepods, amphipods, larval decapods, mysidaceans, cephalopods) are in an intermediate situation where the very high diversities (up to ca. 2000 described species for the Copepoda; see Table 1 ), associated with the presence of males and females, as well as numerous developmental stages, make the task of generating thorough inventories much more time-consuming. Our feeling is that these groups are less completely accounted for, but pending research benefits from the availability if a rather solid basement.
The third category also encompasses groups with large numbers of species, but whose taxonomic systems are in a serious state of disarray. Their systematics is far too sketchy for geographic comparisons to be meaningful, for which reason also distributional data are of poor quality. Good examples of the latter are the radiolarians (polycystines and pheodarians), the acantharians, and the tintinnids. The literature on these organisms is plagued with synonyms, to the point that in many cases binary names alone have little or no meaning. For example, although widely acknowledged as inadequate and artificial, the taxonomic system of Polycystine Radiolaria is still largely based on Haeckel's (1887) monumental monograph; over 50% of the >3000 species included in this work (2400 of them new species) are most probably synonyms derived from the misinterpre- Fig. 2 . Historical trend in the species description rates for 17 groups of zooplanktonic taxa (Acantharia, Amphipoda Chaetognatha Ciliophora, Copepoda Cubomedusae, Scyphozoa, Euphausiacea, planktonic Foraminifera, Heteropoda, Hydromedusae, Mysidacea, Ostracoda, Phaeodaria, planktonic Polychaeta, Siphonophorae, and Tintinnoinea) between 1800 and 2000. Species restricted to those recorded in the South Atlantic; data points (circles) and 7-point running mean (line). Sources are the same as for Fig. 1. tation of growth and dissolution stages (Boltovskoy, 1999b) . The Phaeodaria and the Acantharia, also largely worked out by Haeckel (1887) , have similar problems as well. The taxonomy of tintinnids is also plagued with synonyms, chiefly due to the widely used monographs of Campbell (1929, 1939) , who indiscriminately raised to the rank of genus and species hundreds of tintinnids previously placed in lower categories. These authors described ca. 1000 tintinnid species, some 700 of which are most probably invalid (Alder, 1999) .
A serious problem with the taxonomy of these protists is that their classification is entirely based on skeletal (radiolarians, acantharians), and lorical (tintinnids) features, rather than on the soft body. The fact that variations in skeletal/lorical morphology can generally be correlated with geographic distributional pattern supports the notion that these traits have both evolutionary and ecological value, but there is a growing body of evidence that cytological characters cannot be ignored if a natural classification system is sought (e.g., Hollande and Enjumet, 1960; Petrushevskaya et al., 1976; Laval-Peuto, 1981 LavalPeuto and Brownlee, 1986) .
Acute synonymy problems are pervasive throughout the animal kingdom. Unfortunately, for the protists the prospects of improving this scenario in the foreseeable future are bleak. The chaotic state of the classification of benthic foraminifera was addressed by Boltovskoy (1965) , stating that unless the erection of new species was handled more cautiously our efforts to build a useful body of knowledge were doomed. This warning had little effect: in 1978, Brolsma (1978) supplied four experienced specialists with four identical sets of benthic foraminifers containing 200 species. The four resulting identification lists shared only 10 generic names and only one (!) species.
Other potential gaps in our coverage of marine zooplanktonic inventories are (1) the meso-and bathypelagic fauna, and (2) the delicate, chiefly gelatinous plankton. Deep-sea plankton is not only considerably harder to sample, but also the sample size needed is much larger because densities of organisms drop exponentially with depth. Delicate, gelatinous plankton, in turn, do not preserve adequately in routine net plankton samples. Interestingly, non-conventional plankton sampling techniques, such as submersibles, have yielded a number of new gelatinous species from bathyal depths in recent years (e.g., Harbison, 1986) . The unexplored diversity in these two categories, however, would not be expected to increase known zooplanktonic inventories to a degree nearly as large as those suggested for other communities (i.e., 10-fold or more, see above). This assumption is based on the fact that the gelatinous groups involved (chiefly scyphozoans, siphonophores and ctenophores) are not particularly rich in species (ca. 6% of all zooplanktonic species, see Table 1 ). In addition, deep-sea plankton has much broader distributional ranges than the surface fauna, which makes them potentially more vulnerable to sampling programs. Indeed, wide-ranging forms represent only 11-12% of epipelagic plankton, but 38-42% of those living below 500-1000 m (Boltovskoy, 1999a) .
Discovery and description of a (valid) species adds little to our knowledge if all we know is a name and the morphotype associated with it. As noticed by most workers when dealing with biodiversity-related issues, accounting for the species that inhabit our planet is more than giving each a name and a morphologic description. A name alone means close to nothing if we fail to understand key aspects of its biology, such as basic ecologic traits, reproduction and feeding habits, geographic, vertical and seasonal distribution patterns, etc. While this knowledge is scarce for but a handful species on earth, it is particularly inadequate for the marine zooplankton. There are entire groups whose distribution is known vaguely and in very general terms only. For example, there is not a single radiolarian, acantharian or tintinnid species for which the worldwide distribution in the plankton has been mapped with any degree of detail. Lack of sample coverage is further complicated by the absence of standardization of sampling methods and analytical protocols, and particularly the scarcity of international databases with taxonomic information (Angel, 1996) . Distributional information is of particular importance because it conveys critical data necessary for survey programs aimed at monitoring the effects of natural and human-induced climatic changes.
